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The transcapillary escape rates of albumin (TERulb) 
and IgG (TERrgc) (i.e. fractions of intravascular masses 
of albumin and IgG passing to the extravascular spaces 
per unit time) can be used as parameters of the micro-
vascular leakiness to macromolecules. 
These parameters were examined simultaneously in 
12 patients with extensive skin disease. Six of the pa-
tients were reexamined after treatment with systemic 
steroid. 
The significantly increased (p < 0.001) pretreatment 
values of both TERnrb and TERrgG were normalized after 
treatment with systemic steroid to mean values compa-
rable to those of the control group (p > 0.1). 
The patients mean ratio ofTERrcc/TERutb did not differ 
from that of controls, neither before nor after treatment 
(p > 0.1). 
The microvascular leakage to differently sized mac-
romolecules in the patients examined seems to be inde-
pendent of the underlying skin disease. On the back-
ground of the structural microvascular changes often 
described in inflammatory reactions developed experi-
mentally, and the similar changes present in the micro-
vasculature of the psoriatic skin, it is suggested, that the 
increased microvascular leakage as found in this study, 
is confined to the postcapillary venules. 
The functional mechanisms dominating the transport 
of macromolecules across the vessel wall in this study 
are compatible with free diffusion as well as with filtra-
tion. 
The mass transport across the capillary wall including that 
in the skin has been the subject of numerous studies. Until 
recently the concepts regarding the transendothelial pathways 
were mainly based on functional studies leading to the "pore 
theory." According to this theory the capillary endothelium has 
a system of small and large pores, that restrict the transendo-
thelial passage of larger molecules [1,2]. Morphological studies 
of the capillary wall have been designed to correlate the pore 
theory and the structmal findings [3,4]. 
Under certain pathological conditions such as experimentally 
induced inflammatory reactions with increased capillary perme-
ability, the open junctions of the venula1· endothelium seem to 
constitute an additional pathway for macromolecules [5-8]. 
Recently we reported increased leaking of albumin from the 
microvasculature in patients with extensive skin disease of 
different etiology [9]. The underlying mechanisms might be 
further elucidated by studies of the rate, at which different 
sized macromolecules escape from the blood stream. 
The purpose of this study therefore was to examine, if the 
increased microvascular leakiness in patients with extensive 
skin disease applies not only to smaller macromolecules such as 
albumin (mw 66.000), but also to larger macromolecules such 
as IgG (mw 160.000). The effect of systemic steroid therapy was 
also examined. 
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Finally it has been the aim to investigate whether different 
morphological microvascular changes due to different etiology 
of the skin disease would influence the results. 
MATERIALS AND METHODS 
Twelve patients with extensive skin disease were examined. Informed 
consent was obtained from all . The clinical data including the diagnoses 
are listed in Table I. The etiology of erythroderma was seborrheic 
dermatitis in case No. 6, psoriasis in case No. 7, and unknown in cases 
No. 5, 8, and 9. Routine laboratory values, chest x-ray, ECG, and 
clinical examination did not reveal any other major diseases but that of 
the skin. 
Half the patients (cases No. 1-6) were examined twice, the second 
investigation being carried out after about one week on systemic steroid 
(Table I) . Apart from this treatment only bland topical treatment was 
applied to all the patients. The investigative procedure was the same 
as in previous reports [9,10]. The pat ients were studied in the morning 
after at least 12 hr of fasting and 30 min of rest in the supine position. 
Human albumin labeled with '"'I (code IK 21 S, Kjeller , Norway) and 
human l gG prepared by DEAE cellulose cru·omatography [11) labeled 
with '2"I , were used as tracers. About 5 p.Ci of each tracer were injected 
simultaneously in one arm vein and 12 venous blood samples were then 
drawn from the other arm at certain intervals during the ftrst 2 hr after 
injection. 
The ' ~ 'I and '2"I radioactivity of all plasma samples were related to 
the total protein concentration as measured by refractometry to avoid 
errors due to accidental plasma volume redistribution between sam-
plings. 
The Transcapillary Escape Rates of Albumin (TERuib) and IgG 
(TER1,c) 
These were calculated fTom the slope of the albumin and IgG plasma 
disappearance curves during the first 60 min for albumin and 120 min 
for IgG after injection of the tracers, by the least squares' method. 
These practically monoexponential slopes reflect the rate constants at 
which intravascular albumin and lgG are passing to the extravascular 
space per unit time.The assumption pertinent to the calculations have 
been described in detail by others [12,13]. 
Plasma Volume (PV) 
This was calculated from the radioactivity at time zero by retropo-
lating the plasma disappearance cw·ve of '"'I a lbumin, and from the 
milligrams of '" 'I albumin injected. 
Plasma Albumin and IgG 
These concentrations were measuTed according to Mancini, Carbo-
nara, and Heremans [14]. 
Intravascular Mass of Albumin (IVM,u,) or IgG (IVM1, c) 
This was calcu lated from the product of PV and the concentration 
of plasma albumin or IgG. 
S tatistics 
The resu lts were compared to those obtained in 4 male and 6 female 
normal adults with weight, height and surface area comparable to those 
of the patients but with a lower mean age (Table I) by the same 
technique.Student's t-test for paiTed and unpaired observations were 
used for statistical evaluation. 
RESULTS 
TER 
In the untreated patients (Fig 1) the mean values of TER 
were significantly increased both for albumin (8.2 % IVM x 
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TABLE l. Clinical data in 12 patients with extensive skin disease 
Case Age 
No. Sex (yr) 
1 F 58 
2 F 73 
3 M 63 
4 F 71 
5 M 79 
6 M 72 
7 M 51 
8 F 77 
9 M 64 
10 F 44 
11 F 55 
12 M 80 
Mean 66 
±SD 12 
Controls 
(n = 10) 
Mean 46 
±SD 14 
"Estimated by the rule of nines. 
TER 
I% IVM X h" 11 
ALBUMiN 
11 
10 
9 
--·-8 . 
I"" 
• 7 
6 
--I-
5 i. 
4 
3 
2 
Weight (kg) 
87 
58 
65 
44 
56 
70 
63 
118 
80 
53 
72 
80 
71 
20 
69 
12 
lgG 
-
.. 
--.-
. 
Height (em) 
167 
156 
176 
158 
165 
185 
167 
160 
170 
164 
162 
169 
167 
8 
175 
11 
. 
. 
• r. 
----
EXTENSivE 
SKIN DiSEASE 
CONTROLS EXTENSiVE CONTROLS 
SKiN DiSEASE 
Surface 
area (m' ) 
1.92 
1.57 
1.83 
1.44 
1.64 
1.98 
1.72 
2.03 
1.90 
1.60 
1.75 
1.89 
1.77 
0.18 
1.85 
0.19 
Ftc 1. Transcapillary escape rate of albumin and IgG in patients 
with extensive skin disease and controls. The solid line represents the 
mean value. 
hr- 1 ± 1.0 SD) and IgG (5.0 % IVM x hi·- ' ± 0.7 SD) as 
compared with the control values (5.4 % IVM X hr- 1 ± 1.0 SD 
and 3.3 % IVM X hi·- '± 0.6 SD respectively) (p < 0.001). 
Treatment with prednisone caused a decrease of all TER values 
examined (p < 0.005) to mean values (5.4 % IVM X ru·- ' ± 1.0 
for TER .. tb and 3.4% IVM x hr- 1 ± 0.7 SD for TER,gc (Fig 2)) 
similar to those of the control group. 
The ratio between TER,sc and TERutb did not differ signifi-
cantly between controls (mean 0.62) untreated patients (mean 
0.62) and treated patients (mean 0.65) (Fig 3). There was no 
indication that grouping of the results according to the etiology 
of the skin disease would lead to other conclusions. However, 
Skin Prednisone Clinical Diagnosis involvement (mg/day) effect of (%)" therapy 
Bullous pemphigoid 70 75 +++ 
Bullous pemphigoid 40 100 +++ 
Bullous pemphigoid 40 100 ++ 
Contact dermatitis 80 20 +++ 
Erythroderma Generalized 20 +++ 
Erythroderma Generalized 20 ++ 
Erythroderma Generalized 
Erythroderma Generalized 
Erythroderma Generalized 
Atopic dermatitis 85 
Psoriasis 90 
Psoriasis 90 
TER 
I% IVM X h "11 
11 ALBUMIN lgG 
10 
9 
8 
7 
6 
5 
4 
3 
2 
n n 
FIG 2. Transcapillru·y escape rate of albumin and IgG in patients 
with extensive skin disease before (I) and during (II) treatment with 
systemic steroid. The hatched area represents the normal mean value 
±SD. 
the limited number of patients with the same type of skin 
disease hindered a statistical evaluation. 
PVandlVM 
Table II shows that the PV was lower than control values by 
250 ml and 350 ml before and after prednisone treatment 
respectively. This insignificant reduction was about the same, 
when PV was referred to weight, height or surface area. 
The mean plasma albumin concentration and IVMntb were 
significantly lower before (33.0 g/1 ± 3.8 SD a nd 91 g ± 13 SD) 
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TABLE II. Plasma albumin and IgG concentrations, plasma volume (PV) and the intravascular masses of albumin (IVM,.Ib) and lgG 
(IVMicG) before (I) and during (JI) prednisone treatment in 12 patients with extensive shin diseases 
Case 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Mean± SD 
Albumin 
(g/1) 
r II 
28.0 30.2 
35.3 37.9 
29.1 34.6 
33.0 34.5 
34.1 36.6 
30.0 34.6 
33.8 
28.3 
37.8 
36.2 
39.2 
30.6 
33.0 34.7 
3.8 2.6 
Contro ls 
(n = 10) 
Mean± SD 41.5 
2.4 
p 
TERigG 
TERalb 
< 0.001 <0.005 
FIG 3. Ratio between the transcapillru·y escape rate of l gG and 
albumin in patients with extens ive skin disease before (I) and dur ing 
(Jl) treatment with systemic steroid and in con trols. The solid line 
rep resents t he mean value. 
as well as after prednisone treatment (34.7 g/1 ± 2.6 SD and 93 
g ± 13 SD) compared to the control values (41.5 g/1 ± 2.4 SD 
and 126 g ± 25 SD) (p < 0.001 and 0.01), though the individual 
val ues sh owed a slight increase after prednisone treatment 
(Table II) . 
The lgG concentration and IVM1"G values did not differ from 
the control values in any of the examinations (Table II) . 
DISCUSSION 
The results of this study confirm our previous report: patients 
with extensive skin disease and hypoalbuminaemia have an 
increased microvascular leakiness to albumin [9]. This state-
ment is, however, now amplified by the finding of a n increased 
leakiness to even larger macromolecules such as lgG. 
IgG PV IVM,., , IVM,,c 
(g/1) (ml) (g) (g) 
I II 1 11 I 11 I ll 
10.0 10.1 2591 2690 73 81 26 27 
8.2 7.9 2664 2475 94 93 22 20 
17.2 15.8 3036 3243 88 112 52 51 
12.4 12.6 2189 2303 72 80 27 29 
11.3 10.3 2401 2344 82 86 27 24 
13.8 12.3 3044 2977 91 103 42 37 
8.2 2755 93 23 
6.5 2885 82 19 
8.0 2679 101 21 
9.5 2880 104 27 
9.8 2890 113 28 
10.6 3298 101 35 
10.5 11.5 2776 2672 91 93 30 31 
2.9 2.7 230 375 13 13 10 11 
10.0 3025 126 31 
3.2 483 25 10 
N.S. N.S. N.S. N.S. < 0.001 < 0.01 N.S. N.S. 
A notable difference between albumin and lgG is that t he 
plasma albumin concentration and IVMulh are low, whereas the 
lgG concentration and IVMigG are normal before as well as 
after treatment with systemic steroid. 
The individual values of PV, IgG and IVM1gG showed no 
systematic changes when compared before and after treatm ent. 
Almost all the individual values of albumin concentration a nd 
hence IVM,.11, however, were increased after treatment. Such 
an increase could not be demonstrated in our earlier report 
including 8 similar patients [9] and has no influence on the 
conclusion, that albumin as well as IVM,.Jh remained low after 
treatment when compared with the control values. 
The lowered IYMalb may refl ect an altered endogenous al-
bumin metabolism as suggested in our earlier report [9] a nd 
further substantiated by the finding of a normal albumin con-
tent in th e urine and the stools in r ecent studies [15,16]. 
As for IgG the normal values signify either that (1) the IgG 
metabolism including synthesis, turnover time, and degradation 
is within normal limits, or that (2) a shortened tumover t ime is 
compensated by an increased rate of synthesis due to immuno-
stimulation. 
The increased leakiness of macromolecules of molecular 
weights at least up to that of lgG leads to considerations on the 
connection between structural and functional changes of the 
involved capillaries. If it is only the microvasculature of the 
skin that leaks abnormally, morphological changes in this part 
of the capillary system should be demonstrable. 
In the normal skin the endothelium of the capillary wall is 
mainly of the continuous non-fenestrated type through which 
the passage of macromolecules may take place by free diffusion, 
restricted diffusion and/or by filtration [17]. The pathway is 
thought to be through large pores, possibly plasmalemma! 
vesicles [ 4, 18]. 
The histological changes, which skin diseases of the same 
nature as those in this study have in common, are vascular 
dilatation, edema and perivascular inflammatory infiltrates. 
These changes can very well explain the a bnormal passage of 
albumin and lgG . However, such ligh t- microscopic observations 
do not yield information as to, which part of the exchange 
vessel system that is abnormally leaky. 
The ratio of IgG to albumin leakage does not seem to differ 
from one type of skin disease to another, though it must be 
stressed, that the ·number of patients with different disease 
enti ties, in this study, is limited. FUJthermore there is a n 
identical ratio between TER1"c and TERulh in the patients as a 
group and the control group, indicating a leakiness of eq ual 
magnitude for the two different sized macromolecul es. 
Possible explanations of these results could be, that (1) in all 
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the patients the same part of the microvasculature accounts for 
the increased leakiness, if this part is expanded either in number 
of leaky sites per unit area or in surface area, (2) the forces that 
cause macromolecules to pass the vessel wall during inflam-
mation are qualitatively equal to those, that act under normal 
conditions. 
The postcapillary venule is the most common vessel in the 
papillary dermis (19]. It belongs by definition to the capillary 
system as a part of the exchange vessels and seems to be the 
only part of the vascula1· endothelium, in which a certain 
fraction of the intercellular junctions appears open to a gap of 
20 to 60 A [4]. 
Under normal conditions these gaps are of no quantitative 
significance as pathways for macromolecules (IgG, mol diam 
110 A) as they are not permeated by ferritin (mol diam 110 A) 
(7]. The postcapillary venules have, however, an important 
function under pathological conditions, since several experi-
mental studies [5,8,20] have shown, that inflammatory reactions 
are followed by increased macromolecular permeability due to 
morphological changes in the vessel wall of the postcapillary 
venules. 
Very few studies have examined whether there are ultrastruc-
tural changes in spontaneous inflammatory skin diseases. Brav-
ermann and Yen [21] and Wolff eta! [22] found that only the 
postcapillary venules were affected in patients with immune 
complex vasculitis. In patients with various inflammatory der-
matoses endothelial gaps were present in the postcapilla1·y 
venules and always associated with inflammatory cells in the 
gaps around the vessel wall or surrounding perivascular tissue 
(23]. 
In contrast the microvasculm· abnormalities in the psoriatic 
skin are also well established at the ultrastructUl·allevel. Nu-
merous interendothelial cell gaps in the postcapillm·y venules 
are present in the horizontal papillary plexus [24, 25]. These 
gaps have also been demonstrated in noninvolved psoriatic skin 
though less frequently, but were extremely rare in controls 
[23}. Though the gaps demonstrable ·in the psoriatic skin are 
completely identical to those produced in the postcapillary 
venules after local injection of histamine and other vasoactive 
substances [5,6], they could be found in the absence of inflam-
matory cells [23). A possible explanation is that there is an 
inherent weakness of intercellular junctions of the endothelial 
cells in psoriasis, or that unidentified stimuli cause a histamine-
like response [23]. 
On the basis of the results from this study and from the 
above mentioned ultrastructural studies of the microcirculation 
it seems reasonable to suggest, that the increased macromolec-
ular leakiness demonstrable in patients with extensive skin 
disease of different etiology can be explained by an increase in 
.large interendothelial gaps in the postcapillary venules. 
The finding of a mean ratio of TER1.c/TER,Ib of 0.62 in the 
controls in this study is in accordance with those from other 
reports (13,26], and is compatible with both filtration [27] and 
free diffusion [28,29] as the dominant transport mechanisms 
under normal conditions. Though the transport mechanism 
may vary from one tissue to another [30], we found an equally 
increased net leakage of different sized macromolecules in pa-
tients with extensive skin diseases, a result that does not favour 
one transport mechanism over another. A recent study, how-
ever, showed [8], that the increased transport of macromole-
cules under inflammatory conditions, elicited by chemical me-
diators, could best be explained by ftltration through specific 
pathways in the postcapillary venules. 
We wish to thankS. Jarnum M.D. and M. Thale M.Sc., Department 
of Medicine P, Rigshosp italet, Copenhagen, for preparing the 12''1-
labeled IgG. 
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